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Introduction

\
Costs of solid fuels conversion have risen sharply, delaying projects,
prompting political investigations to determine whether ‘cost estimates hLd
been deliberately distorted, and startling the project sponsors themselves.
In the eight years starting in 1967, the estimated cost of a daily barrel

of synthetic oil capacity has increased up to tenfold.

In 1967, testimony to Congress projected a commercial shale oil plant
by 1970; none has yet been built, and the earliest possible start-up year
in 1979. After deferral of an application submitted in 1962, a second f
generation tar sand oil plant was planned in 1969 for 1976 startup; it is
now under construction, with startup due in 1979. i

Many factors other than regulatory delays have been responsible for
this unfortunate record. They can generally be classed as inflation, other
forms of escalation, process development, and increase in project scope.
This paper analyzes these factors and gives perspective for estimation of
future changes and avoidance of pitfalls,.

Cost Escalation

Figure 1 is a plot derived from published data. It shows how cost
estimates have increased for an oil shale plant using the TOSCO II process
and for a tar sands plant by Syncrude Canada Ltd. (SCL). The plot also
shows that the increases far exceeded the increases of the CE Plant Cost
Index published by Chemical Engineering magazine, which is intended to
reflect the changes in cost of process plants, The CE Index correlates
with a broader index of inflation, the GNP Deflator, In fact, a plot of
the GNP Deflator would be indistinguishable from the plot of the CE Index
at the scale of Figure 1. How is the obvious total failure of cost indexes

to be explained?




0il shale and tar sands plants are obviously special cases in that
they use unproven processes, so we should inquire whether cost indexes
have successfully reflected changes in costs of routine plants. The answer
is{a resounding '"no.'" For example, a 1,200 ton-per-day ammonia plant
completed in 1967 cost W. R. Grace $33.6 million, compared with a cost of
$107.4 million for a similar plant to be completed in 1978.l The increase
is 220 percent, compared with a probable increase of about 100 percent for
the CE Index. Ammonia production is well developed and relatively non-
pdlluting, so the increase should reflect escalation more than change in
design,

The year 1974 gave a particular divergence of plant costs from
1ﬁdexes, when an engineering contractor reported typical increases of
petroleum and petrochemical plants of 30 to 40 percent in 6 months while
the index rose about 14 percent. The 1974 experience is partly explained
b§ the overheating of the economy at that time and by the derivation of the
index. The CE Plant Cost Index depends on 67 Bureau of Labor Statistics
(PLS) indexes, for which all of the equipment indexes depend on list prices.
List prices are a fiction not reflecting contract prices in slack periods,
when deep discounts are available. List prices are not likely to be raised
as soon as real prices when the economy improves. This analysis was
qonfirmed by Savay.

Aside from details, indexes have a basic problem. Indexes attempt the
impossible in trying to give a single number representative of cost of
dissimilar plants when component costs are changing at greatly different
rates, as shown in Table 1 for the difficult two-year period from July 1973
to 1975. The extraordinary increases for heat exchangers and centrifugal
compressors reflect supply and demand., Many exchanger manufacturers left
the business in earlier periods of low profitability, and many foundries
shut down rather than comply with new antipollution and job safety rules.

Even the largest price increases do not explain the increases in
cost estimates in boom periods because escalation clauses make the final
costs uncertain, schedule stretchouts increase costs of interest, insurance,
and administration, and contingency allowances are likely to be increased.
A related site-specific factor, local labor shortages, requires overtime
pay and causes reduced productivity and further delays.

0il Shale Case History

The previous section showed that remarkable escalation occurred in the
capital costs of perfectly conventional process plants, and that this
escalation is not fully revealed by cost indexes. Three other factors have
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coincided with the inflationary forces to accelerate the escalation of
synthetic oil plant costs. These factors are:

e Tightening environmental controls
e Shortages of conventional fuels
e Changes in design and scope resulting from developmental
programs and definitive engineering analysis,
Table 1

COST INCREASES, JULY, 1973 TO JULY, 1975

BLS Code Item Percent Increase

1072010,03 Pressure Tanks 47 %
(Nelson Index) Heat exchangers 97
11401.03 Centrifugal compressors 92
11401.02 Industrial pumps 42
1166.04 Chemical industry machinery 67
(CE Index) Pipes, valves, and fittings 42
CE Plant cost index 26

Source: SRI

All the estimates for TOSCO II oil shale plants considered herein are
for the same shale rate (66,000 tons per stream day), but the assumed shale
assay and net yield vary. The estimates were all reported by The 0il Shale
Corporation (TOSCO),

In 1967, TOSCO estimated $130 million would buy a plant capable of
producing 52,200 BPCD (barrels per calendar day) of synthetic crude, A
plant for the same amount of unhydrogenated pipeline 0il would cost less
than $100 million, Natural gas was to be the source of hydrogen, so no



loss in yield resulted from upgrading. Shortages later forced TOSCO and
partners to abandon this desirable source of hydrogen. Ironically, the
same factor that increased the need for synthetic oil also made it more
costly.

Reported costs paralleled general inflation through late 1968, but
by 1972 costs had increased sharply. New environmental controls, including
a change of plant site from the canyon to the mesa, were required. TOSCO
and partners reduced the estimated shale assay and oil yield and made
plant design changes as a result of the development program. The plan to
market a low-sulfur fuel oil rather than refinery feedstock may have
moderated the decrease in yield., Thus an increase of about 20 percent in
the CE Index, which in this period was doing a reasonable job of measuring
inflation, accompanied a doubling of cost per daily barrel.

The early 1974 estimate of $9,900 per daily barrel was bésed on more
definitive design and energy self-sufficiency for the plant, resulting in
a lower yield. From this time on, design was fixed, but hyperinflation
took its toll.

A paper on the confusing subject of cost escalation should mention the
inadvertent confusion caused by failure of qualifying information to get
into the reports. Within the space of a few days in autumn 1974, estimates
of $630 million and $800 million were reported., The first was in constant
dollars (as used in Figure 1), and the second included estimated escalation
during the construction period at about 12 percent per year.

The estimates for March 1975 and autumn 1975 are more detailed than
the earlier ones, and they show the need for caution in taking total
estimates at face value.“’ The first included $79 million for acquisition
of o0il shale reserves not in the earlier estimates. The second increases
this figure to $155 million, mainly because the plant is assumed to run for
35 years instead of 20. The references also show a large increase in
contingencies for nonplant facilities,

Tar Sands Case History

We consider the SCL Athabasca plant history herein but note in passing
that the earlier Great Canadian 0il Sands (GCOS) plant was finished in 1967
with only about 25 percent overrun and that the estimate increased only
about 25 percent during the last year of definitive engineering.




In early 1968 SCL estimated less than half the GCOS cost per daily
barrel ($2,400 Canadian) not including a power plant or pipeline, based
on "second generation” economics, a better mine site, and a larger scale.
In hindsight, economy of scale can be elusive when large plants are built
in remote locations because the project aggravates labor shortages and much
equipment is replicated rather than increased in size.

The 1968 estimate relied on several. process steps that were in the
development stage. For the summer 1971 estimate, draglines and unit trains
replaced scrapers and belt conveyors for handling ore. However, abandoning
energy self-sufficiency and substituting natural gas as fuel and as a
source of hydrogen (and perhaps the larger scale) moderated the cost
increases, so they were only a little above general inflation, SCL gave a
range of expected costs at that time.

By 1973, GCOS had accumulated a $90 million loss, and SCL was
emphasizing proven reliability over development processes with theoretical
advantages., For the removal of water and fines from the bitumen, dilution,
centrifuging, and diluent recovery replaced flash dehydration, For upgrad-
ing of bitumen, fluid coking replaced hydrovisbreaking. The estimated
syncrude yield was reduced. In a year and a half, process changes increased
the cost more than 100 percent, and inclusion of a power plant and pipeline
added another 25 percent to the increased amount.

After the 1973 estimate, Alberta entered an investment boom accompanied
by extraordinary inflation until the end of the time covered in this study.
The rapid increases in cost estimates prompted a political investigation to
determine whether the o0il companies had deliberately distorted the estimates.
The investigation found no evidence of this but attributed the increases to
severe and unanticipated escalation, additional preproduction costs from
delays and increased manpower, and more definitive engineering. The
December 1974 estimate was $18,600 per daily barrel in constant dollars
(used on Figure 1) and $23,100 in current dollars for the initial capacity
of 104,550 BPCD.

Learning Curves

Cost estimates usually increase as processes advance from the
laboratory stage to commercial use, even without the extraordinary factors
of recent years, Costs may decline because of the discovery of a new
catalyst or corrosion inhibitor or the like, but usually optimism prevails
until dispelled by hard data., After commercialization, unit costs often



decline as larger plants are bullt and safety factors are reduced. Figure
2 shows these tendencies and also the hazard of comparing directly an
estimate for an advanced concept with a corresponding estimate for an
established process.

Amortized production costs exclusive of raw material costs, in
constant dollars (also called value added), correlate well with cumulative
production of an industry. Typically this cost decreases 20 percent
every time cumulative production doubles. In the early stages, an industry
frequently grows exponentially with time, so a linear time scale may be
superimposed on a logarithmic production scale, as shown in Figure 2. For
capital intensive industries, the capital cost tends to dominate the cost
of value added, but raw materials are affected too much by extraneous
factors to be correlatable,

Decreasing trends will probably apply to synthetic fuel costs

eventually, but the time to design and build a plant is so long that
benefit of experience will be slow in coming.

Implications for Cost Estimating

Table 2 lists factors that apply during the various stages of process
development. This table cannot quantify cost uncertainties, but it can
alert a person to omissions and unresolved questions in an estimate.

How to account for the stage of process development in an estimate
is partly a matter of philosophy. On a statistical basis, less developed
processes justify higher contingency allowances, but too much caution
inhibits desirable research and development. Hopefully, using Table 2 as
a check list will lead to better estimates in the early stages.

In summary, the cost of developmental processes may be affected by
factors other than escalation as follows:

e Raw material and product specifications
e Overall process yield

e Project scope and auxiliaries

e Process variables and subprocesses.

e Materials of construction~--corrosion, erosion.




'

The following factors may affect either developmental or commercial
project costs:

e Energy and raw material availability
e Environmental regulations
o Optimization versus derating.

Derating refers to loss of capacity through installation of pollution
control systems, change of raw material, and the like. Potential bias may
affect estimates in the form of contingencies, redundancy for reliability,
and accounting practices such as capitalizing development costs and some
operating costs.

As to the future, the environmental movement and energy shortage have
been with us long enough that they are unlikely to cause the surprises of
the past. Equipment shortages tend to attract competition, although time
is required for the competition to become affective., Thus plant costs at
constant scope seem likely to parallel more closely those of the general
economy, Estimators may temper early over—optimism in development projects
by being aware of its prevalence and by considering what questions are
unresolved at the time of the estimate.



‘SpINIy ueyl sSPITOS
Butrssoooad x0F 3TNOTFFTP 2J0u dn

-97edg ‘*ajed jonpoxd usAT3 B IO0F 3500 9aN31oNI3Ss
Butjzeaado se T1am se [ej1ded S309JJy PIOTA uo dn-a21eOdS JO 309FFd
“UOT31ONIJSUOD JO STBIISBU JUDISIFTP suorjetado

I0 sa3ueyd ssadooad xolew aatnbaax Aey o10499a widl-Juol Jo 3198FIF
*sedueyo ssevcoad

Jofew aatnbax Aew sjusuodwoo sdea], Spa9J pojleInuwIs Jo 3199113
*31S00 se 11ea Se Aj3111qRaado 3o9FFe Aey 9JTT STEBTJI93BU SS9004d
‘rofew sawtjowog 1500 pue 9JTIT 3}SATElED
*ss900xd uorleoTITINd SITNbax fep suo13ed1y102ds jonpold (3usudorsaap
Jz9out3ud *ssapoad Burjeaajaad satnbax Aely sSuUOTIEBOTFIOAdS T[eTJI93BW MBY wmeOhav
ssaooad B A1qeqoad ‘309339 aoleu aaey Lepy UOTIONIFSUOD JO STEBTI23el 301Td TT1RWS
w©
roseaTaa A3totrTgqnd °Te31ded Jo 31500
e Atuo wﬂ 23BUT] SO ‘£3toedeo pue juaudinba 3utrysixa uo
sdeyasd ‘aossay 1399IJ2 ‘s3s00 adexols pue ‘wearlsumop
-oad 1o Tauuosgad qef ‘weaaisdn ‘s3s500 300aTIpur ‘Surlasou
se yons ‘aojeuwrisa -18us ‘350D UOTRBTTEBISUT :302T13ou Ael
peouataadxautr sdeygag ‘pagopIsuod aq Aew j3Tun Jolew ATuQ uoT}OoBaI UIBW 3nq IV youag
IO} BWT}SY S931BWTIIST UT SOTOBINIOBUT suorlsond paatosagun juaudo1aaaq

21qTssod Jo a1e08

INIWNJOTIAIA SSIDI0Ud 40 SIADVLS

2 2TqeL




14S :90anosg

*y3ty oq Leuw
§3500 TEDTJIO1STIY UC Paseq SOIBWIISH saoueape TedorSorouyod],
Lauou 34317 pue ssdejroys
s1s05 Surjeasado pue
juaudoroadp poaziTEBlTdED

Aouepunpay
‘y31y aq o3 pual ydtw jaoddns
juauurascsd Buryaas satueduwod {moy aq

03 puaj 1y31w siajoword pue SIOSUSOTT serq 1eT3usiod
s1500 jusudoraasp

2aNn3oNI3SEIFUT pue £3 TUNWWOD §100J 79 Baae ojouey

uoty1soddo

jea13r70od ‘suotjerndax .

1B1USUUOITAUD M3U ‘STang

JO £3TITTIqETTBABUN ‘STBIJIO}

*£11S00 aae JIdY}edM peBq puUE ‘SayTJ3S ~ew meI JO A3TTTqEITIEBABUN

I0392eI3U0D SuTtassurdug ‘satni punoad 3utlueyd uoal sferaq :satna punoxd 3urtdusy) TBIDI2WWOD

*saxojertdroaad o13elSoa3loare :a1dwe

-xJ ‘*sjuswdJinbax padueyo Jo asned $1502

-9q pITea oq jou Aeu ejep TEOTIO}ISTH ssoooad jTUn AIBTTIXNY
J030BI3U0D sassaooad JI9Yl0 UOT}BIJSUCWIP
Sutaosurdus ‘swaTqoad ToIjuoo 931B3ID LBR Y3} Im uorjeIdojur 93a1dwo)y xo ‘adfiojoad
J0 J93uTdud SSO20Id *300330 Jofeu B aaey Aey sjuawsatnbax rejusdumoxtauy ‘jorrd aldxenq
I03eut)}sq S931BWT}ST ul SaToeanoosujl suoTj}sand poaajosaguf] juaudoraasaq
a1qissod 3o a1eoss

(popniouoc)) g @IqelL




FIG

REFERENCES

E. Faltermeyer, 'The Hyperinflation in Plant Construction,” Fortune,

102-7, 202, 204, 206 (November 1975).

A, C. Savay, "Effects of Inflation and Escalation on Plant Costs,"

Chemical Engineering 82, No. 14, 78-80 (July 7, 1975),.

"TOSCO Proposes a Government/Industry Program to Reactivate Colony

Dow West O1l Shale Project,” Synthetic Fuels 12 (2), 2-1 (June 1975).

J. A. Whitcombe, "011 Shale Developments: Status and Prospects,”
paper prepared for Soc. Pet, Engr, of AIME, 50th Annual Fall Meeting,

Dallas, September 28-October 1, 1975,

D. M, Nathanson, '"Forecasting Petrochemical Prices,' Chemical

Engineering Progress 68 (No, 11), pp. 89-96 (November 1972).

i v P T 2
1000 |-
= H
3 |
< o
> 800 |— 4 I
] I
g I s 2
o 600 | [ £
[~ | Il _ ]
Z a0 i / z
— o
E /‘; r bt Advanced
w B i = Concept
& 00} Ve - g
b R T ]
1968 1870 1972 1974 . \Stan Commercial Production

Log of Cumulative Production
O————~  TOSCO 0il Shale Plant (Approx. Linear Time)

Aw===«  SCL Tar Sands Plant

FIGURE 2 LEARNING CURVES
CE Plant Cost Index

Plants based on constant dollar estimates
in $/BPCD of net synthetic crude.

URE 1 CAPITAL COST INCREASES

10




IN SITU OIL SHALE - RESOURCE RECOVERY
Dr. Harry E. McCarthy

Occidental Exploration and Production Company
5000 Stockdale Highway, Bakersfield, California 93309

ABSTRACT

With the completion of processing of the first large scale retort (Retort k),
Occidental is now in a position to better evaluate the potential resource recovery
from a given tract of land. The results of Retort 4 will be given and then projected
to a hypothetical tract of government land. Variation in retort size and geometrics
will be discussed. A generalized retort layout will be presented which should allow a
resource evaluation to be made on various tracts. These results will be compared with
the results of alternative retorting processes.
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Paraho 0il Shale Project

Harry Pforzheimer

P . . . . .
INTRODUCTION araho 0il Shale Demonstration, Inc., Anvil Points, Colorado

The Paraho 0il Shale Project is a privately financed program to prove the
Paraho retorting process and hardware on oil shale at Anvil Points, Colorado, near
Rifle. The project was launched in late 1973 under the sponsorship of seventeen
participants*, many of whom were active in earlier oil shale research. These com-
panies earn the right to license the Paraho 0il Shale technology on favorable terms
by participating. During 1975, these participants increased the funding for the
project from $7.5 million to $9 million and extended the term from February to May
1976.

BACKGROUND

Why is there a Paraho 0il Shale Project? Why is it being conducted at Anvil
Points? The answers to these questions go all the way back to 1964 and the Colony
Developnment programs.

The first Colony Development program was organized by Sohio Petroleum (Sohio),
The Cleveland-Cliffs Iron Company (Cliffs), and The 0il Shale Corporation (Tosco)
in 1964. A mine was opened and a semi-works scale Tosco type plant was built near
Parachute Creek, Colorado about 23 miles from Anvil Points. Operations were com-
menced in 1965 and shut down in 1966.

After the shut~down of the Tosco plant in 1966, Sohio and Cliffs made an exten-
sive survey of the world-wide technology for retorting oil shale. Among 35 different
technologies which were studied in detail, a series of new inventions by John B. Jones,
Jr. were selected as the most promising. They were referred to as the Paraho tech-
nology. ’

Before a program could be organized to test the Paraho technology on oil shale,
negotiations began with Atlantic Richfield Company (Arco) to form the second Colony
Development program. These were completed by Sohio, Cliffs, Tosco, and Arco in 1969.
Arco became the Operator of Colony for the four companies. By early 1971 the Parachute
mine and plant had been reactivated and operations attempted. In September 1971, hav-
ing completed their financial commitments, Sohio and Cliffs withdrew from funding the
second Colony program retaining their land interests. Arco and Tosco continued plant
operations into early 1972 before shutting down.

In 1971, Sohio began providing financial assistance to John Jones to help defray
certain expenses of obtaining a lease on the 0il Shale Experiment Station at Anvil
Points from the Bureau of Mines. With Parachute Creek occupied, the Anvil Points site
was needed so the Paraho processes could be tried on o0il shale. The Anvil Points lease
was approved by the President of the United States in May 1972. In 1973, organization
of the Paraho 0Oil Shale Demonstration began. By year-end, 17 participants had joined
the project.

* The seventeen Paraho participants are Atlantic Richfield, Carter 0Oil (Exxon),
Chevron Research (Standard of California), Cleveland-Cliffs Iron, Gulf 0il, Kerr-McKee,
Marathon 0il, Arthur G. McKee, Mobil Research, Phillips Petroleum, Shell Development,
Sohio Petroleum, Southern California Edison, Standard Oil Company (Indiana), Sun 0il,
Texaco, and the Webb-Chambers-Gary-McLoraine Group.
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PROGRAM

Two new Paraho retorts, a pilot plant and a semi-works size unit, were installed
at Anvil Points. The oil shale mine on the adjacent Naval Oil Shale Reserve was
reactivated. The mine and new retorts were put into operation during 1974. The pilot
plant is used to explore operating parameters in order to define conditions for testing
in the larger semi-works size retort. The experimental operations in 1974 set the
stage for the successful runs in 1975 and early 1976. The results of the Paraho oper-
ations to date have been encouraging. They demonstrate that the process works, that
the equipment is durable and that both are environmentally acceptable on a pilot and
a semi-works plant scale.

During 1975, the operation being conducted at Anvil Points progressed from the
experimental into the operability phase. A 56-day operability run in the direct fired
mode was completed on the semi-works retort in March 1975. Following this run, 10,000
barrels of the shale o0il produced were refined into seven different fuels for the U. s.
Navy in the largest such conversion of shale 0il into military products. A nationwide
product testing program by industry and government of Paraho's synthetic fuels followed.
This included an operational test of Paraho JP-4 in an Air Force T-39 jet aircraft
flight from Wright Patterson Air Force Base near Dayton, Ohio to Carswell Air Force
Base near Fort Worth, Texas; a 7-day Great Lakes cruise on Paraho heavy fuel oil by a
Cleveland-Cliffs Iron ore carrier; and a full-scale boiler burning test by Southern
California Edison of Paraho crude shale oil.

Success of the Paraho Project suggested that the next logical step should be the
construction and operation of a full-size Paraho retort. This would reduce industry's
and government's concerns about the ability to successfully scale up proven technology
to commercial size. In May 1975, Paraho announced its proposal to construct and oper-
ate a full-size Paraho module at Anvil Points. The proposal included a full-size
Paraho retort, an expanded mine and all the auxiliary equipment needed to operate this
full-size module. A cost of $76 million was estimated for construction and operation.

Considerable interest and support was evidenced by industry and government in
Paraho's full-size module proposal. The chairmen of the Armed Services Committees
of the U. S. House of Representatives and the U. S. Senate granted the right to mine
the additional shale required from the Naval Reserve. The Navy authorized proceeding
when ready. Paraho's subsidiary, Development Engineering, Inc., exercised its option
to extend the lease on the Anvil Points Oil Shale Experiment Station. The Bureau of
Mines completed a favorable environmental assessment of the module proposal. The
Solicitor's office of the Department of Interior issued Guidelines for the Federal
Prototype Oil Shale Leasing Program. These Guidelines provided, among other things,
that expenditures by lessees for patented or demonstrated technology, such as Paraho's,
would be creditable against the fourth and fifth lease bonus payments.

In July 1975, the $6 billion Synthetic Fuels Amendment was added to the ERDA
appropriation act and was approved by the U. S. Senate. With this federal assistance
in the offing, it looked like everything needed to move ahead with joint government-
industry financing would be available for the full-size Paraho module.

President Ford visited Paraho's Anvil Points operation in August 1975 with
Frank Zarb, Congressman Tim Wirth (Colo.-D) and Senator Gary Hart (Colo.-D). They
toured the mine and plant, witnessed Paraho's ability to produce oil from oil shale
and were impressed. President Ford reported favorably to the media about the size,
productivity and environmental acceptability of Paraho's operation and stated that
0il shale must have a bigger part in this country's energy program. This was before
the Energy Research and Development Administration reacted to a legal threat by an
environmentalist.
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In October 1975, ERDA decided that a new Environmental Impact Statement would
have to be prepared before Paraho could build its full-size module at Anvil Points,
This would require at least a year and was commenced immediately.

In November 1975, Paraho conducted a 26-day direct fired run on the semi-works
retort. This run, designed to confirm the results of the earlier 56-day run and
subsequent variable studies, was an outstanding success. A very stable operation
at essentially 100% on-stream time with high thermal efficiency (87%) and excellent
liquid yield (97% by volume of Fischer Assay Cg+ oil) confirmed that the Paraho
direct fired process was ready for scale-up to the full-size module. This mode will
produce more than enough low Btu gas to provide fuel for the process and to generate
all the electricity required to power and light a commercial plant.

Two federal actions adverse to oil shale occurred in December 1975. One was
the defeat of the $6 billion Synthetic Fuels Amendment in the House of Representatives.
The other was the passage of the compromise 1975 Energy Policy and Conservation Act
which rolled-back the price of domestic crude oil. Unfortunately, these actions
occurred at a time when incentives, rather than restraints were and still are needed
to encourage energy production and conservation.

On February 10, 1976, Paraho completed a 32-day run in the indirect heated mode.
Operation in this mode, which offered the potential of higher liquid yields and the
production of a high Btu gas, was one of the original objectives of the Paraho 0il
Shale Project. Selected conditions from the run indicated a high liquid yield of
98% and gas production of 850 standard cubic feet per ton containing 865 Btu per
cubic foot (dry basis).

It was not anticipated when the objective of testing the indirect mode was set
that the liquid yield on the direct mode would be as high as the 97% actually ob-
tained. All of this oil is useful product because the large amount of low Btu gas
produced in the direct mode can be used to fuel the process. 1In the indirect heated
mode it would be necessary to burn as fuel either the high Btu gas or some of the
0il produced. A potential benefit of the indirect heated mode is the production of
a higher quality, lower pour point crude shale oil. This oil may be suitable for
pipeline transmission without local upgrading or prerefining. If so, the savings
in investment and operating cost of prerefining would more than off-set the higher
costs of indirect mode retorting. Eliminating local prerefining also would elimi-
nate a major water consumer.

A confirming indirect heated run was commenced in March 1976. During this run
a series of evolutionary changes in operating conditions were made which reduced the
heat input required per ton of shale thereby increasing thermal efficiency.

OBSERVATIONS

Paraho's retort performance exemplifies simplicity in process and mechanical
design:

1. It has few moving parts and low construction and operating costs.

2. It utilizes counter-current flow and gravity transport without requiring
a separate circuit for solid, heat carrying bodies.

3. The Paraho retort consumes no water.

4. The lumps of retorted shale it produces do not create serious dust problems.

5. Retorted shale management experiments demonstrate the ability to easily
compact this material to a condition which is impermeable to water. Very
little water is required in retorted shale management. This is primarily

14
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for vegetating the surface of the retorted shale.

6. Enmigsions of sulfur and nitrogen oxide and particulates have been found
acceptable under the strict Colorado standards.

7. High thermal efficiences are attained. Rather than discard the residual
carbon on the retorted shale, -the Paraho direct heated process consumes
much of it to fuel and power the process. On the other hand, the indirect
mode produces a high Btu gas and a better quality oil. A combination of
the direct and indirect mode may be the ultimate solution. It should be
Possible to fuel the combination mode by burning carbon on the retorted
shale. This would liberate both the oil and the high Btu gas as useful
products.

In anctipation of the May 31, 1976 Paraho Project completion date, the Anvil
Points mine.was closed in December 1975 as sufficient rock was on hand to carry out
the privately funded retorting program. The retorts are scheduled to shut down on
March 31, 1976 unless additional funding is obtained. The equipment will be put in
stand-by condition and the plant secured by April 30, 1976. All final reports will
be issued by May 31, 1976 except for the Commercial Evaluation Study which will be
ready for distribution by June 30, 1976. After analysis of the results of the re-
torting program, a mode or modes of operation will be selected for the Commercial
Evaluation Study. The advantages of the Paraho process will be reflected in the
economic results obtained in this study. However, construction of a full-size
Paraho module at Anvil Points or at some other location would still be the next
logical step toward commercialization.

WHAT NEEDS TC BE DONE NOW

It is almost inconceivable, during this time of critical need for synthetic
fuel development, that the only operating, large scale, successful oil shale re-
torting project in the United States will be compelled to shut down upon completion
of its privately funded program. Continued operation of the Anvil Points facilities
would offer important benefits. Additional variable studies need to be performed
to improve efficiency and optimize operating conditions. A second generation re-
tort could result from additional work on the combination mode. Significant volumes
of shaleoil could be produced. This crude shale o0il would be extremely desirable
for large scale refining and synthetic product testing programs over an extended
period of time.

Paraho is a small privately owned company which appears to have the answer for
0il shale commercialization. It is operating at Anvil Points under a lease from
the federal government in the presence of ERDA observers. It has been successful
in accomplishing its initial objectives. Paraho does not fit into ERDA's highly
structured methodology for developing and demonstrating technologies by making re-
quests for ERDA's conceived specific proposals. What is wrong with accepting pro-
gress already made? Paraho has established by its accomplishments what should be
an acceptable basis for initiating government financial support for continued oper-
ation.

Our national alternative to supplementing our domestic crude o0il supply with
shale oil production is to purchase more and more imported crude oil. Such purchases
would be made at higher and higher prices exporting both deollars and U. S. jobs.
Under this alternate we will become more and more vulnerable to another oil embargo
and less and less capable of maintaining a prosperous economy or of mustering an
effective national defense. ’
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This nation must recognize that we have an energy shortage and that all accept-
able forms of domestic energy development will fall short of meeting our needs,
particularly for transportation fuels. New legislation must be passed to correct
the adverse federal actions of December 1975. Federal non-recourse, guaranteed loans
should be made available to help fund the building of full-size modules for oil shale.
They are the best way to eliminate uncertainties relating to the production and eco-
nomic acceptability of shale oil. Technologies already demonstrated by industry on
a semi-works scale should qualify for such funding.

-
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After the module phase is completed, one or more retorting technologies may be
successfully demonstrated and be ready for commercial plant construction. Ten to
twenty full-size retorts might be required for such a commercial plant. To justify
moving into commercial mining, retorting, and upgrading, involving very high capital
investments, an exception to the administered oil prices under the "Energy Bill" will
be required. Industry needs to know now that a free market will exist in which crude
shale oil and refined synthetic products can compete price-wise with imports.

Conceding that our government needs to take a long look down the road to energy
independence and help in developing technologies toward commercialization, it is
still in this nation's best interest to encourage private industry to move through
the profit system into the new technologies as they reach feasibility. The future
conditions actually required to encourage commercialization by private competitive
enterprise cannot be determined at this time. When such conditions do occur, if
federal funding assistance is required